Melkersson Rosenthal syndrome (MRS) is a rare autosomal dominantly inherited neurocutaneous syndrome characterized by a triad of facial (seventh cranial) nerve palsy, recurrent orofacial swelling and fissuring of the tongue. A recent report implicated a heterozygous missense variant in SLC27A1 (FATP1) as the cause of this condition in members of an affected Chinese family. We undertook Sanger sequencing of this gene in 14 affected unrelated individuals affected by MRS. We did not detect any putative pathogenic variants. Our data indicates that there is both clinical and genetic heterogeneity in this condition and that the causative gene remains to be identified for the majority of cases.
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Introduction
Melkersson-Rosenthal Syndrome (MRS, MIM155900) is a rare disorder characterised by a triad of clinical features, including recurrent facial nerve palsy, episodic orofacial swelling, and fissuring of the tongue (lingua plicata) (Melkersson, 1928; Rosenthal, 1931) . Biopsy of the lip or tongue reveals non-caseating granuloma in affected individuals. There is marked variability in clinical presentation with the majority of affected individuals not manifesting all three features (Elias et al., 2013) . Furthermore, there is intra-and inter-familial variability in the age of onset, frequency of inflammatory episodes and response to steroid treatment (Elias et al., 2013) . The diagnosis is often made in a single individual in a family, but male to male vertical transmission is described consistent with an autosomal dominant inheritance pattern (Lygidakis et al., 1979) . There is important clinical overlap with orofacial granulomatosis and oral Crohn's disease, both disorders characterised by non-caseating granulomata, but without concomitant facial nerve palsy or tongue fissuring (Wehl and Rauchenzauner 2018) .
Through an exome sequencing approach in a single large Han Chinese family affected by MRS, Xu et al. (2017) reported a heterozygous missense variant in SLC27A1 as the most likely causative variant. The proband presented with the diagnostic triad of a right-sided recurrent facial palsy, a fissured tongue and edema of her lower lip and cheek. The mother of the proband was considered affected on the basis that she had a fissured tongue without facial palsy or swelling. The uncle of the patient was unaffected and sequenced as a control.
A heterozygous variant, c.68>G in SLC27A1, predicted to result in a missense substitution p.Pro23Arg, was identified in the two affected individuals, and not in the unaffected uncle or 200 healthy controls. SLC27A1 encodes fatty acid transport protein 1 (FATP1) (Xu et al., 2016) . The wild type and variant were expressed in human embryonic kidney cells (HEK293), resulting in a reduction in FATP1 levels in cells transfected with the variant and reduced long chain fatty acid (LCFA) uptake.
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We therefore undertook a study to determine if novel or very rare variants in SLC27A1
were present and could result in MRS in our cohort of affected individuals.
Patients and methods
Individuals were ascertained on the basis of the presence of the clinical features associated with a diagnosis of MRS: orofacial swelling, facial palsy and a fissured tongue.
Ethical approval was obtained from the NHS (11/H1003/3) and from the University of Manchester. Each individual provided written informed consent to participate in the study.
Oligonucleotide primers were designed to amplify all 12 exons of SLC27A1 (details available on request). Sanger sequencing was performed using the BigDye Terminator v3.1 kit (Life Technologies, CA, USA) according to manufacturer's instructions and resolved on an ABI3730 sequencer (Life Technologies, CA, USA). Results were analysed using SeqScape v2.5 (Life Technologies, CA, USA).
Results
We ascertained 14 individuals who had a minimum of two criteria -orofacial swelling, tongue fissuring, and facial nerve palsy (Table 1) No rare (minor allele frequency <2%) or novel coding variants in SLC27A1 were identified in any of the cases.
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Discussion
Our data indicate that variants in SLC27A1 do not account for the majority of cases of MRS and support a concept of genetic heterogeneity. It is possible, but unlikely, that copy number or non-coding variants, not assessed by this analysis, affecting SLC27A1 expression or function could result in the MRS phenotype in some of our cases. Notably in the control exome sequence database EXAC (http://exac.broadinstitute.org) of approximately 60,000 individuals, there is no skewing of the numbers of observed versus expected missense or loss of function variants, suggesting that SLC27A1 tolerates variants in this gene and that they are not more likely to be associated with inherited disorders.
Our small cohort is similar to previous series in that there is a female preponderance (Elias et al., 2013) , suggesting that hormonal influences may be relevant triggers for episodes of orofacial swelling or facial palsy. There is phenotypic variability with a wide spectrum at age of onset and presence of the key clinical features, which may indicate genetic heterogeneity or certainly genetic modifiers of clinical presentation. In contrast to our cohort, in other series affected individuals have described a number of co-morbidities (Elias et al 2013) . The episodic nature of the condition with resolution between flares shares similarities with some cardiac or neurological disorders due to channelopathies or periodic auto-inflammatory disorders. The majority of these disorders are autosomal dominant and often due to activating mutations. Therefore, they are tractable for inhibitory therapeutic approaches. This extrapolation informs the prioritisation of variants for future gene discovery studies in MRS and provides stimulus to undertake this work. 
